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NEW APmCATEON TRANSMTITAJL 
Transmitted hermnh tor fOhg is the patent appltcatian of 

Inventorfs^ Ebrlqae Martxnez Force, Spajilsh* X-anarqae Oe Hovoa, 9 3«»A» 
&-41008 Sevilla* Spain 

Begcma Peres Vleh, S^»anxs]>« c/ Ciudad AXjaxaCe, 24 3«-2, E-4192C| 
Iia±reiiia del ML^azafe. Sevilla. Spain 

Jose Maria Fernandez flaFtinez. Spanisb, <;/ Temel, XO 3*-3, 
E*I40I2 Cordoba, Sjain 

Rafael Gazces, Spanisli, c2 Dinanrca. 9, £-41907 ValencdLna 
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C(|pe orpnnr /uins < 




4jsad (D 4Mr* a dSn* mefing or f 

r prior t&ffw»jg> 3TCJ^Jl /.TOWL 



1. TVP* ^^lacatlon 

This new application Is for afp) 

(check one ^spffeabla itBm betow^ 

IS Odginai {RonpravtsionaQ 
Q Design 
Q Plant 

VMRMWG: Oo not usa tfws ujf f m n a/ for j ecinpietton in ffm US. 9n UmmmkM ^ppfatfoft undiy 35 



HMRMDVCr Oo nor uts» ira r wiiinrf tor tfw liEns of a ptov iaj ion a f i wp»rf»vi. 

THWSMnTAt WHBR£ BENSFTT CF A PPtOR US. APPUCAVC^ CLMMGD ^ a HOTtnCATtON 
IN PAf^&fT APPiJCAVON Of THE BUNG OF ThttS CQiimUAltON APPUCAVON. 

□ OivisionaL 
O Contirwatiorv 

□ Continuation«fn-part (C-l-P). 

2. Borwrn of Prior OS. AppBcs&»n(8| (35 U^C. 119(6). 120, or 121) 
fXSTB: A nonpmvt»onMl appBca^on may datm an inwtttof tJrsriovarf in one or mora prtor ISad copenefng 
ftQOp/0¥isfonat apoOcaaions or copfrtfng 'wttatnaAonai ^pHcationa daaignmStng tfrv (JnHaa Stataa of 
Amafi^ in ofiJar for a oonpruifisiona/ afipOcatioo to claim ma banafit of a prior fOad aopanding 
nonptweionat u ppScMn or copending intamatieoat appSeattcn OMi ^AJiu i j ;! tha Unitad Stataa of 
^ ii ian i 1. aoctt prfnr ^f**^^^^^ rnutt namm a» an ir M m niu r at imast onm in tmi tar nammd in Ifmlmarttad 
nonfyoviA^ appOcatSon and dixkxsa ifrn namad inmaor^ immndon UainmJ in aC J^at ona efmn 
of the l^er &ed ngyrcvnccaia^ appOcaticn in tha u*aam pi wiO adbyihailatpa^gnphafSSUSXi. 
ItZ, Each prior app A . Mttm must aiso bac 

^ Ai\ iaimmadonal application vmOad to a tSatg data in aeeoidanea wUtf PCT Atd^ ft and 
daaigradhg tna Uhltad Sana of Anmrkx or 

^C ein p ' ^m aaaatiartftafS lJ5f(bii;ar 

^endaadtoaiBngdama»aatfaid%in§ IJSWerS lS3fi9 and iaeiuda »a baaie Ong faa aa^ 
ferd9 in § J,V: at 

$yl&madtaafangmmmamt'9enhSn$ tJ3fb» and ha m paid tharmiadiapa j oa aae ao mni t a a muka * 
SaaaetMtSnS tJZI^aimrt dmdma paHedml0dhin$ Y.530> 

«07E tf1hafWi^^iptcMtainginnsnai»diaadMak»a^ 



^ wtma Urn pmam cas« is an bttamadvt^ AppOcation which daaignm^d tha US,, or hanam 

^ a 'pdiv prwiden^ ^paeadon ia daimad^ tftan cftack lha foBotaa^ itam and complaia and aOaeh 
AODS^ PAGES POfif^APPLtt:A7K)N7PANSKtnTALW^Sa&iB=n-^ 

12a U1 or9d5fG^iha»'fm^iana€^dmm'pScaaenm0mt»abaaaduponiha&ky9 
maa3tUJS,^S^^^m>SGafionmaloaaralaranoam 

(35 U^C isaMOi doaa nea irtto account, fat iha dasamanadon of ttta patant tarm, any 
appSoathan on which prionty iM cfmmad iaidat 35 ILS^C Ttg. 3gW or 36gWL> Bar a o-»» 
apfOGd^vK aepSeam sfiouid rmaaaf whadwr a/^ dsm in dm patatn dm mB iau^ 
bf9*amtmrappBeaSianand,ilnaLthaappScarS9hoddmr^ 
aadiarmad^pllGaden.T79atarmofapatanti9notbaaadonMt 
of >^ fA ISSa;, «> M. fleg. m'Sflb ar 2a2Q& 

(Af^pficMkMi Timnonal ^H-paga 2 ^ tt| 



hatiaay wetrm tfM Drsmct of Ccrfumota. any nanprowoan^ sppUeatton danranQ bmntfit Of Urn 
pmsvu/ mifratian must be fltetf poor to thm Smatity. Suna^, orMMAeUr wMiihv 
cams or Columba, See 37 CAR § f .78^39. 

□ The new apofcation being liansmi tted daims the benefit of pnor applica- 
tion(s). Enclosed are AOOEO PAGES FOR NEW AFPUCATION TRANSMITTAL 
WHEBE BENEFTT OF PRIOH APPUCATIONO) CLAIMED. 

3. P9pmr9 Enciosad 

A. Required for filing date under 37 C.F.R. § «.53(&) (Regular) or 37 C.F.R. § 1.153 
(Design) Application 

Pages of specHteation 
7 Pages of daVDS 

_ ^ Sneets of drawing 

iBb^spatonx^pHcatipn. The iiw in g^ ittm am subnvttBctm tf»OfSa» tnatbm an strong, whim, 
smoam. ^ ncrv-fihary paper 9itf .Tieec the sun a v et i acaor^hg to § 1M, if ixuf w ctio a s to Ihm 
OMtngt are necessary, ttmy snoula be nmOe to lt» ongiPal Oremng ana a ttigth'qu^ 

/vcsmnwvet atpnpoaad meo-nv^ZI CFB IM^ seeNo^bfiiiatcti9, 7988(19900.0, 57-«9> 

MOTE: naanilfying inMa, If pnxvkiod, anajM incUu^ 

mmntefsnrnm ^odm numoer ^ antS wm naam and t uf apnom number of a pmmt to eafff 

on ifte back of esctt shoot of drsmg a nMnum Usance of i.S cm. |M iael9 damn tpom tfm wp 
of the page S7 OFM. 1.84^ 

(Gon^pMe the fbOowffig, ffappSeatie) 

n The enciosed dra«vmg(s) are pru>tograpn(s). and there is sdso attached a 
-PETTnON TO ACCEPT PHOTOQRAPH(S) AS ORA\AflNG(SJ/ 37 C.FA 

O fonnal 

B infcnna} 

B. Other Papers Enctosed 

' Pages of declaration and power of attorney 
- Pages of abstract 



Q Afnendment to claims 

□ Cancel in this aooiications elatn^s before 

calcidating the fiting fee. (At (east one origmak Independent aaim cnust be 

retained for HBng purposes.) 
G Add the dainrts shown on the attac^ied arnendment. (Qasms added have 

been numoered consecutiveiy foflowir^ the highest numbered original 

claims.) 

□ Pretiminary Amendment 

C mfomtation Discicsure S t ale t ne itf 137 C.FJI 1.96} 

□ Form F70-1449 (pTO/SB/OBA and 080) 
O Citations 

(AppBcadon Ttmsminil f4>t l p ag e 3 of 11) 




of Biological Deposit 

Jion cf -Secmence UsGng.- computer readatztecopy MVor menlmM 
pertaining mereto for bictechnology invention contaMng midaoliei* 
amino acid sequence. mwtx^ 

Authonzation of AttomesKs} to Accept and Fol^ 



five 

□ Special Comments 

□ Other 

5. Declaration or oath pnciucfing power of attorney) 



«ff or *w ffmn^the in*mntors namoa in ihm artar tTT^^^f^ ~ * 



__~ "* — ~ ••'7' ;oir^w in a pnor ypBTidWW L 1 

CL«l 5 l£3l^>^ wiwwDr is s sem cr^in ImmrOar, ST 

Q Enclosed 
Executed t>y 

(check ail appficsble toxas) 

O tnventDr(^ 

□ tesal r^>res8ntatlve of inventort^ 
37CFR ^,A2 or 1.43. 

Q jgnt t nventor or person shovying a proprietary 

onterest on behalf of oiventor who refused to sign 
or cannot be reached. 

□ This is the petition requirad t>y 37 CFR 1.47 and lha sUlamwa 
requirad by 37 Cffi 1 .47 Is also attached. SM itam 13 bafoar Ibr 
iee> 

ei Nat Enclosed. 

Tr^**iTrnT rniira ft iT Tirfi hi r - - ,^ ^ ^ ■uu» w 



□ ^PPfation is made by a peiaonaulhonzedundw 
of aff the above named tnvermar(s^ 

mie<teetenttteooroatf|, atongiwm the sun:narge lequde:^ i^^ 37 Cm 7 76IM 
can be fifed swbseQuafrf/^ 



— * Showing that the fifing is authonzed. 

(not wqukea untess called mto guesttom 37 CPR 1.41^ 



4cl11) 



6. SnventDTship Statement 

MUMIMWG: ene nvrma aifniorx aaen not tfi* oi w u o ra of «tf V*» ctems m «4)iarMion, ncbfSng CM 
cvvnesftip of tfta Mnous doims « the CRn« the last cte»m*0 nrvantfon nfss ffiM. <houM be 

The 'tfiventorsnip fcr an the claims in this appflcation are: 
SI The same. 

or 

O Not the same. An explanation. Inchiding the ownership of the various d^ms at 
the time the last claimed rnven&jn was made, 

□ is subrnitted. 

C will be sut»Tutted. 

NOTE: A> ep»a < e af j u i ;nek^£ng a signti eatft or oada/vtion may he iBad in a iHnpu<g» otf>ar ff»»t fiigfth. 
An espfish mnsfatran of me non^Gngfisn language «pptrcetion antf Ifte p<o c a *w g foe of^ta&OO 
/eouvoo hy 17 cm 7.t7)A9 <i feqsMd 10 he IM tMth M OT'^^ 
£or hy the OlScm, 37 CFR f .52(taQ. 

English 

Non-Engiish 

□ TTie attached translatrcn includes a statement that the translation is accu- 
rate. 37 C.F.ft. 1.52(d). 

a AasianniMt 

O An assignment of the invention to . ■ 



Q fs a tt ac he d . A scpaale C *COVS^ SHEET FOR ASS^GMA&TT CD OCU- 
MENT) ACCOMPANYING fiEW PATEMT APPUCATOTT or Q POBM PTO 
^5SB is also attached. 
ISr wiB follow. 

HOTE: en eai^pnnwm ii s u b t nttt mi »gtfi < n»*r ^ ppC c ^a^fan . aand two sapanm tttem ^ 'O i m farttmappBettSan 

«id «ie fcr tfJe asejjwrm- M»to of Miy < TWO fTtM aa TT-Tatt 
MSMMMB? A iw e ly ej w a iied-^CgmffrC^Te U^Og?37CFW3L73a^r rmiSt ha «bd ^Wiart a aant& ^Jtt JHH»^pgr . 
sjpficatNMfSiaac^anessgnee. Ntoriceef>^ r9S3. f ISO a.G. £2-e<, 

(AppScasian TianmiBal f4-1}— page 5 of 11) 
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Copy 

;) of appJication(^ 











Appin. Nc 


F8ad 


from which priority is claimed 


Appln. No. 


Rod 


C is {sr^ attached. 






G wiO follow. 






MOTE' Th0 for&gn appficaoan fbmUng tf» b« 


bs tot the daim tor pnomy must 


fTvtf ro irr the aem or 



MOm 7^ ^ is tor any fofetgn prkioty whk^ , ^ ^ 

10. Fee C a te u l a tton (37 C.F.R. I.IQ 
A. B Regular appication 



CLAiMS AS FILED 



Cb.m Number filed Number&c&a Rate Basic Fee 

CJFA 1.1 
$790.00 



«jy ^ H 37 CFA 1.16W 



Total 



Oaims (37 CFR 1.16(c))2M - 20 « L] 


X 


5 22-00 




Independent 

Oaims (37 CFR i,i6{b)>3 - 3 » o 


X 


S 82.00 


o 


Muidpte dependent datmCa). 
if any (37 CFR 1.l6(d9 


+ 


$270.00 





a Amen<*Twnt c»«»fling extra clawne is enclosed. 

a Amenrtnent deteting multlpleKtependencte is enclosed. 

□ Fee for extra dams is not being paid at this time. 

NOTE: ^^^f^forejanc^ffrnmnotprndanOingiheymusttep^oriheolam 
pnor to 9m eApa M Kjit of tr» time p^io^ set fornaoonae ty ' ~ 
notice of iee d «tf aa r jcj > . 37 Mtiifk^Ol 

FQing Fee Calculation 

B. □ Oesion applicatian 

^0.0a-<37 CFR 1.16^ 

Filing Fee Calculation 

C n Plant application 

(5S4a0O-37 CFR 1.16W) 

^ing fee calculation 



I t»-1>-P»9© 6 of it> 



C3 

ry 
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o 
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1:3 
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11. Smtfl Entity StatBflwnt(s) 

O SUBtemenKs) that this is a filing by a sm^l entity under 37 CFR ^J9 and 1^ 
island 



tmuwaM& rstwio g a gnatf «mt^ must j o B cdiurf y <«a u b ii/ w a o 

Che 3t3Zia is avxUat» anc amtmd. Status as a smaff «Mr(y cn» 



1 9ty other apoticaxksn or pmrt, induOing tftpScainns or ptmno m9 ^metty or 
in Hi w cs fy ae p 9fKS9rit upon me appitcaoon or pacanr trr wMefr ffM sauus Aas tewi aox^fiofM TTw 
nSunj of VI 9ppticxton untier § f ^ irr a rnnrtnirBTmn ffrrrfm nr riiirfm wfii »i k\ im\ fitKkflihjj 
^ oontimMd pm99GuOttn ^opii^ion undiar $ I^SSkOXorrtmMngof^i^aje^fiBcm^vtmquHn 
8 ntiv dRBrmnsaian as fogarwfcH<Jtfawift<MnaBrit*oamalfaHt^iaguy<tar^^ 
Wpet^m A nonpmvisona/ tppSeabon damtg btnm» yndmr 3S USjC JtSWL «a 721, «• 
3&fc) of a pnor ^f»plication, oramissm gppteataff may ntyonM ^immiimtt ISmtS kt Urn prior 
appScaaon or tn the patent £f ihB n a i pt o * 'uM nal application or 9m missus sf i pS uiOo n mdtudms a 
Twfarmee to me suiaiiwit m the pr^or ^ ppJieacM w or in the patent or induOe* a eopy of the 
statamntin the prior appfieation or in tt» paxem and statua as a atntSI etiiitf a sdO propm-ana 
aanmd. The p^/mma of the smaPerttitypeaie statutory Sng fee yOl be tvaaao 
$or pu/poaas of ttas aacoon.' 37 C^Jt. $ 1.28M2y 

(comptete th0 foOowing, if appSc^ile^ 

□ Status as 3 smail entity was claimed in prior application 



, tiled on , 



^fram which benefit 



is being claimed for this applicatxon und^: 

35 U.S.C. □ 119(8), 

□ 120, 

□ 121, 

□ 365(<^ 

and which status as a smaD entity is stai proper and ctesired. 
□ A copy Off the ^teme i H in the prior appScation is indudedl 
F3ng Fee Caiculafion CS096 of A» 8 or C above) 

$^ 

MOTE: ArtyaaGaaaofihe&aimepaidwiBbeteiunae0»emaMefaStvstmushaiPa^^ 

am mad within 2 months of tf9e ttata of ttrrmly payment ofafuBfoa. The tmh m oat h period is not 
mt mi U a ii fa imdar$ T.T36L 37 cn? 1.26f^ 

1Z 



far tRtemational-Type g e wUi P7 CFK 1.104(d» 

fcofTtpfete; (f appBcabte) 

□ Ptease prepare an international-type seafChr^)ort for this app 
when national examinatton on the merits takes places 



(Appfcate Tmnttal {«.tl-pa9a 7 af rn 



13. I^^^yment Bmg at This Tune 

IS Ncit Enclosed 

IS No filing fee is to be paid at this time. 

(This and the surcharge requind fiy 37 CF-R 7.76^> can te pard subsa- 

□ Enclosed 

C Fifing fee % 

C Recording assignment 
(S4C.00: 37 C^.R. 1^1 (h)) 
(See attached •*COVe^ SHEET FOR 
ASSIGNMENT ACCOMPANYING NEW 

APPUCAT)ON-.) $ 

□ Fetitior. fee for fiOng by other than ail the 
inventors or person on behalf of the inventor 
^vnere inventor refused to sign or cannot be 
reached 

(S130.00: 37 CfJft 1.47 and 1.171(9) $ 

G For processing an application with a 
specification in 
a ncrv-Engiisn language 

(S13C,00: 37 C^-R. 1.S2(d) and 1.17W) $ 

G Prccessing ar^ r e t e n ti on fee 

($130.00; 37 C.F.R. 1.S3(d) and 'LZTfH $ 

G Fee for intemaiionaMype search report 

^40.00; 37 C*FJ^. 1 51{e8 $ 



NOTE- TT rm 1 ?Tffr n Tmr ffihw 1 fi fm ftirpi T M-« i bj i nj anrf mtwrnno tny y^iJi J ita n flU f h i tr yrffr rrt tf frr fW ft^y 
«My I.TSf^f. mdhm ttaf M oroar m obtain tfia bsnoA pniv' USL 4Atar tf^ tw^ 
rfsaWJL 



Tot^ tees enclosed * 
14b Matttod of Payment of Pecs 

□ Chedc ffi the amount of ^ 

□ Charge Account No. in the amount of 

S 

A dupiicate of this transmittal is a t t ach e d. 
M07B Fm muK^a^Amxsd iff »eh a marmw' tfiat it iidiHi^ 



(Ap p ficujoii Tf 




15. Aulhonzaition to Charge Additional Fe»s 
WfJtllWWiff ' a no /bas arv so be paid on (Xng, faOomtng nwns sneuftf not b» cofi^MM. 

G The Commissioner is hereby authortzed to cnarge me following acditionaJ fees 
by Shis oaoer and dunng the entire pendency of this appfieation to Account No. 



C 37 CF.a 1.1 6(a}. (f) or (g) (fifing fees) 

□ 37 C.F.R. 1.16(b). (c) and (0) (presentation of extra ctalm^ 

NOTE: B9causmm £3>nuiW foaforc3KesiorrTtuItmhiSepmvsem 

must only be paKS or mese datms canceH^d by ^ jivi n j i nm u pncr to cxsnrmon of ff>9 &rw penod 
SBt for maconse oy the PTO tn any naatx at fee oofiaency 137 CFR 7. 16id}), k trvyfit b» best nor to 
martomm tfm P7D ro cStar^ 90dmona/ ctaim feos, excapr posstbiy when daaSng woh sunenam&nxs sftmr 
€nti jction. 

C 37 C.F.R. 1.16(e] (surcharge for fifing the bask: firing fee and/or deciaratton 
on a date later than the filing date of the applicatior^ 

□ 37 C.F.R. §§ 1.17(a)nH£) (extension fees pursuant to § 1.136<a3i. 

D 37 C.F.R. 1.17 (application processing fee^ 

MOTE; * . AwnssBnt^Qumsxmafbesabnua^inmBp p &cz n onttmt&^n^ u 

orhtiwB>9piy,t9qtmngap0tftian^anwen^on^tim9unetrMparagnpfi 

as At t x up otM ng » peebon for wen sfan of txmo ior ihm appnpnme iangttt of Cma. An m O h ta i imkMi to 
Gftarp* atf mauratf MmunaerS f.r7. or w0 mquind mjomwon of cm* wfB bo rrmma a« < 
c wi If / bfaiii^ pMiAtw 4x 3n Misnsion of fims irt any ooncuvywif or f^Bpfy n^uMViQ a potftpon fer 
an OAMiuion of bno ijndsr fftts osf^QTspn fof its xnntty si^ttiisstont Sub/ysssion of Hfo t&e asf tettft st 
$ 1,17^ jfitU! tdao be inataa as » consBijaSyo potiiSon for an o Mt ^ 
imouamg a petition for an mxtenuon of lima imdar tfaa paragnph for its 

□ 37 CF.R. 1.18 (issue fee at or t^efore mailing of Notice of AHowanca. 
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Field of the Invention 



The present Invention relates to transgenic and non-transgenic plants that produce oil having 
high levels of saturated fatty acids and medium to high levels of oleic acid. More specifically 
the invention relates to a sunflower plant, seed and the extractable oil having increased 
stearic acid content and increased oleic acid content relative to the normal sunflower oil level 
of stearic acid and oleic add. 

Background of the Invention 

Sunflowers {He/ianthus annuus) are cultivated for the seeds. Seeds have two principal uses. 
Seeds are used as confectionery seeds but much more importantly for extraction of oil 
formed within the sunflower seed. In the endogenous oil are a number of fatty acids. The 
total fatty acid content is given for 3 types of sunflowers: normal, high oleic and high palmitic. 
These contents are listed below. The saturated or unsaturated fatty acid is given as a 
percentage of weight relative to the total fatty acid content 

Table 1 



FATTY ACIDS 


CARBON CHAIN 


PERCENT WEIGHT 


SATURATED ACIDS 






Palmitic 


C16:0 


50^,70^=, (normal) 
2o^-4% = (high oleic) 
22%^0%= (high palmitic) 


Stearic 


CI 8:0 


< 10 % but usually 3%- 
7%(normal, high oleic, high 
palmitic) 


UNSATURATED ACIDS 






Oleic 


C18:1 


17%-20%=(nomrial) 
9%-12%=(h!gh palmitic) 
76%-90% = (high oleic) 


Linoleic 


C18:2 


60%-70% = (nomnal, high 
palmitic) 

(high oleic)= 2%-10% 



As table 1 Indicates a number of different fatty acid distributions in sunflower oil are known. 
The table gives the vn\6 type or normal sunflower oil as having a fatty acid distribution of the 
principle saturates of C16:0 levels of 6%-7%. C18:0 levels of <10%, and of the prindple 

2 



unsaturates of levels of 17%-20% and C18:2 levels of 50^^^. Presently, high oleic 

and high palmitic are known sunflower oils with changed saturate, unsaturated fatty acid 
profiles. 

The Industry has been using both transgenic approaches and mutation approaches to alter 
the saturate, unsaturated fatty acid profiles in the fatty acid biosynthesis pathway. The 
percentage of saturated and unsaturated fatty add present in an altered oil reflect the oil's 
chemical and physical traits. The chemical and physical traits of the oil are altered to form 
either more useful oil for the industry and/or a healthier oil for the end user. 
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The last twenty years of sunflower research has produced a healthier oil in high oleic 
sunflower oil. This research has resulted in the commercial availability of sunflowers having 
high concentrations of oleic acids (C18:1) percentage by weight based in the total fatty acid 
content of the sunflower oil. Early Russian research into increasing oleic levels in sunflower 
15 seeds used mutagenesis to form Pervenets sunflowers having elevated oleic acid levels. 
>,3 Such oleic sunflower material is available to the public. Much, rf not all. of the high oleic 

i:H sunflower germplasm available today is the descendants of the early Russian lines resulting 

r n from that research. Commercially available high oleic sunflower seed includes for example, 

sunflower variety, Pioneer Hybrid 6661 , which Is marketed as producing a seed storage oil 
20 having a fatty acid composition that includes 86% oleate. 

V. 

!:i The availability of other high oleic sunflower seed is listed with patent documents. For 

p example, there is Intellectual proper^ describing high oleic lines vMch is believed to be 

based on the Russian Pervenets sunflowers in U.S. Patent No. 4,627,192 and Re- 
,'1 26 examination certificate B1 4,627,192. issued October 17, 1995, and U.S. Patent No. 4743, 
402 and Re-examination certificate B1 4,743,402, issued April 8, 1997 to Pick. This 
intellectual property lists a number of sunflower varieties that are commercially available for 
breeding purposes that can be licensed under the Pick patents through a company called 
A.C. Humko. Additionally, the Pick U.S. patent 4,627.192 indicates that oleic seeds of Sigco 
30 41 A, 41 b, 853R. 41 17b, 273W. 416R are available from the Lubrizol Corporation 29400 
Lakewood Blvd.. Wickliffe, Ohio (USA) 44092. 

In addition to the research, which resulted in increased oleic acid in sunflower oil. there has 
also been research on increasing the overall Industrial usefulness of sunflower oil usually 
35 addressed by increasing the level of the saturated fatty acids in oil. Increasing the saturated 
fatly adds produces an oil that is more suitable for use in the production of margarine, 
shortening, other food products, and cosmetics by decreasing the need for substantial 
amounts of hydrogenation. 
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Some of this type of research is outlined in Osorio et a/., in Crop Sa. 35: 739-42 (1995). 
This article describes sunflower seeds developed by traditional breeding and mutagenesis to 
produce seeds with a high stearate content. This type of research is also outlined in PCT 
5 application number EP95/00369 which is entitled "Sunflower seeds and oil having a high 
stearic acid content". This application teaches, as its name implies, a sunflower oil with 
increased stearic acid content One way to obtain this oil is by treating parent seed with a 
mutagenic agent to induce one or more mutations in the stearic acid biosyrrthesis pathway. 
This resulted in an increased production of stearic acid in the sunflower oil in a range 
10 between 12% and up to 35% by weight of stearic acid related to the total amount of fatty acid 
in the oil. High stearic add producing seeds discussed in this patent are under deposit in the 
American Type Culture Collection (ATCC). Sunflower seeds identified as " CAS-S" have a 
average stearic acid content of 25% by weight, related to the total amount of fatty adds in the 
oil. These seeds vtrere deposited on December 14, 1994 with the American Type Culture 
j 3 15 Collection. 12301 Parklawn Drive, Rockville. MD 20852. U.S.A. under deposit accession 

^3 number ATCC 75968. And sunflower seeds identified as " CAS-4" having an average stearic 

■ i 

acid content of 1 5% by weight, related to the total amount of fatty acids in the oil. were 

( y 

Vf\ deposited on December 14, 1994 with the American type Culture Collection, 12301 Parklawn 

Drive, Rockville, MD 20852. U.S.A. under deposit accession number ATCC 75969. 
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TTiis application PCT/EP95/00369 suggests that oil from high stearic lines could be combined 
with oil from high oleic lines for certain industrial uses. Unfortunately, although this 



□ 

m 

□ combination of two oils is useful in many instances, there remains a need for a seed that 

produces high levels of txjth stearic and oleic fatty adds in the same oil. Particularly since 

. 5 25 the levels of linoleic add produced by these stearic add lines may tend to produce a less 
desirable profile of fetty acids, then would be produced by a hybrid producing high stearic, 
high oleic acid. 

Traditional breeding and mutagenesis has not t>een the only tool used to form seeds 
30 produdng oil with different fatty acid profiles. Increases in stearic add in oil bearing plants 
have also been addressed by the introduction of transgenes in to the germplasm, to alter the 
fatty add biosynthesis pathway of the vegetable oil. The fatty add biosynthesis in vegetable 
oil, but more particulariy sunflower oil, indudes the biosynthesis of k>asically two saturates 
palmitate, stearate and two.unsaturates oieate and linoleate. To give a simplified description 
35 of the biosynthesis pathway, it is suffident to say, that palmitate (C16:0) is by enzymatic 

action chemically modified to form stearate (C18:0), which by enzymatic action is modified to 
produce oleate(C18:1). that is further modified to fbmi linoleate (CI 8:2), some minor amounts 
of araquic (C20:0) and behenic (C22:0) acids are also formed from stearate. In oilseeds the 
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stearoyl-ACP dSKrase is the enzymatic action which introduce^^ first double bond on 
stearoyl-ACP to forni oleoyl-ACP. Thus, this is an enzyme that assists in the detemnination of 
the unsaturation in the C18 length fatty acids. 

5 In U.S. patent 5.443.974 the inhibition of canola enzyme stearoyl-ACP desaturase was 
described. The stearate levels were increased but the levels of palmitate were basically 
unaffected. Inhibition of the plant enzyme stearoyl-ACP desaturase in canola was also 
reported by Knutzon etaL,Proc. Nat'lAca., Sd. USA 89:2624-28 (1992), These results 
showed an increase in the level of stearate produced in the canola seed. The research also 
10 showed that inhibition by antisense in seeds of canola and soybean, respectively showed 
increased stearate. When a plasmid containing a gene encoding for stearoyl-ACP 
desaturase was placed in canola. this inhibition resulted in both an increase In stearic acid 
and unfortunately a reduction in the oleate. However, in the soybean this inhibition of 
stearate resulted in a less dramatic reduction of the oleate. This slower decrease In oleate 
f-, 1 5 however may have been a function of the small initial levels of oleate in the soyt>ean. The 
Q fatty acid pathway in most oilseed plants appears to be resistant to maintaining both oleic 

and stearic at elevated levels. 

t-H Additionally, Pioneer Hi-Bred International, Inc. have increased the levels of both stearic acid 

j'f 20 and palmitic acid in sunflowers was through the inhibition of the plant enzyme stearoyl-ACP 
$1 desaturase. This research was surprising in light of other transformations in other plants that 

1^ indicated that this enzyme would not effect palmitic acid levels only stearic acid levels. 

Q Unfortunately, palmitic oil is rK>t viewed as being a very healthy oil. This research is indicated 

«^ in PCT/US97/01419. 

Pioneer Hi-Bred International, Inc. taught in PCT/US96/09486 that sunflower oil levels of 
both palmitic and oleic acids could be increased. Sunflower seeds having increased levels of 
palmitic 21 -23% and oleic 61 % were deposited in the ATCC as 93PMOL040G and 
93PMOL040F in the American Type CuKure Collection 12301 Parklavk^ Drive. Rockville 

30 Maryland 20852. U.S.A. having Accession No. 97159 and 97168 respectively. The patent 
application teaches a sunflower oil that is liquid at room temperature. But the increased 
palmitic fatty acid level in the Pioneer invention, is alleged to allow the oil to be used in 
shortening and in margarine vwth relatively low level of hydrogenation, which leads to a 
relatively low level of trans-fatty adds in the resulting product. However the commercial value 

35 may be questioned as palmitic oil is not viewed as being a very healthy oil. Thus margarine 
made with this oil may be substantially less desirable than margarine made with a healthier 
combination of fatty acids (i.e. stearic add). 
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There remains a need for^Jiflower oil which is healthy and useful for inc^^l purposes. 
There is a need for a sunflower oil that has a balance of good saturates and good 
unsaturates. There also remains a need for a sunflower oil that is high in unsaturates but has 
sufficient saturates to be used for margarines or hardstock without high levels of 
5 hydrogenation which lead to no trans-fatty acids in the resulting product. Tbere remains a 
need for a sunflower plant that can produce seed containing oil which is high in oleic acid 
and in stearic acid with reduced linoleic levels. 

It is an object of the present invention to provide novel sunflower plants which fomn seeds 
10 which contain an endogenous oil wherein the levels of stearic acid (C:18) and oleic acid 
(C:18:1) are provided in an atypical combination. 

It is further an object of the present invention to provide sunflower plants, seeds and oil 
obtainable from the seeds that has an oleic content of more than 40% by weight of oleic acid 
1 5 and a stearic acid content of more than 1 8% by weight 

It is further an object of the present invention to provide sunflower seed and lines which when 
crossed form hybrids having the genetic characteristics to yield high levels of oleic acid and 
high levels of stearic add content in the oil as compared to oil obtained from wild type seeds. 



It is an object of the present Invention to provide F1 hybrid seeds having the genetic 
characters to yield plants which form seeds characterised by high levels of oleic acid and 
high levels of stearic acid content as compared to oil obtained from wild type seeds. 



" ? 26 The invention further relates to sunflower plants pnxlucedfirom seeds according to the 

invention that can produce parent lines with high stearic acid and high oleic acid levels in 
their oil. This applies to the seeds and the progeny therefrom obtained after crossing the 
mutants of the invention with each other or with other gemnplasm having a desirable 
characteristia 
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It is another object of the present invention to produce sunflower plants that may be used In 
breeding programs aimed at the production of open pollinated or inbred or hybrids having 
acceptable agronomic traits that are useful in the field environment 
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BRIEF DESCRlW^I OF THE FIGURES 



Figure 1-TAG shown hydrolysis of the triacylgycerols by the lipase. 

Figure 2hs elevated thioesterase shown as the relative affinity of the thioesterase on 

stearoyl-ACP and oleoyl-ACP of HOHT and HOLT. 

Figure 3- plastid showing the fatty acid biosynthesis in oilseeds 

Figure 4- the F2 segregation for HOHT Indicating HOHT progeny 

Figure 5- the F2 segregation for HOLT indicating no HOHT progeny 

DEFINITIONS: 

SUNFLOWER plant shall mean all Helianthus annuus plant and cell parts including pollen, 
kernel, oil, embryo, stalk, head, roots, cells, meristems, ovule, anthers, microspores, 
embryos. DNA, RNA. petals, seeds, and the like and protoplasts, callus or suspensions of 
any of the above. 

1 6DAF shall mean 1 5 days after ftowering. 

HOLT shall mean a sunflower having high to medium-high (40%-90%) oleic acid levels in the 
oil when compared to normal, wildtype sunflower seed (oleic add levels of 17%-20%) levels 
wherein there is low levels of thioesterase activity. 

TOTAL FATTY ACID CONTENT refers to the sum of 016:0,18:0,18:1,18:2, 20:0. 22:0 and 
the traces of other like fatty acids as determined simultaneously in the seed sample, 

HOHT shall mean a sunflower having high to medium-high (40%.90%) oleic acid levels in the 
oil Mi&ien compared to normal, wildtype sunflower seed (oleic acid levels of 17%-20%) levels 
wherein there is high levels of thioesterase activity. 

LOW LEVELS OF THIOESTERASE ACTIVITY shall mean levels of stearoyl-ACP 
thioesterase activity at DAF15 which are lower than 10% of the activity over oleoyl-ACP. this 
permits an exportation out of the plastid of a maximum of less than 12% of stearic acid with 
respect to the total fetly acids synthesised by the plastid. 

HIGH LEVELS OF THIOESTERASE ACTIVfTY shall mean levels of stearoyl-ACP 
thioesterase activity at DAF1 5 which are higher than 10% of the activity over oleoyl-ACP, this 
pemiits an exportation out of the plastid of a minimum of 12% of stearic acid with respect to 
the total fatty acids synthesised by the plastid. 



Summary of the Invention 

The present invention broadly relates to high oleic/high stearic vegetable oils. More 
5 specifically the present invention relates to the sunflower seeds, the sunflower plants, 
sunflower meal or crushed seeds, oil obtainable from the seeds and the extracted 
endogenous sunflower oil, which has a fatty acid profile high in oleic acid and in stearic acid. 
Still more specifically this invention has a fatty acid profile that also has preferably less than 
25 percent linoleic and more preferably less than 10 percent linoleic. Additionally the profile 
10 of the invention is often selected to have palmitic levels below 21 %. 

In the broad scope the invention the sunflower seeds, the sunflower plants, sunflower meal 
or crushed seeds obtainable from the seeds and the extracted sunflower oil contain or 
produce an oleic acid content of more than 40% weight and a stearic acid content of more 
Q 1 5 than 1 2% weight based on the total fatty acid content of the oil. The more preferred invention 
; 3 for certain spread uses has oil and the seeds containing the oil which contain an oleic acid 

jly content that is from 55 to 75% weight relative to total fatty acid content and a stearic acid 

^ content from 1 5 to 40% weight relative to total fatty acid content The scope of the invention 

m 
□ 

1.:^ 20 total level of saturated fatty acids of at least 20 v^%. 



n 



35 



includes oil and the seeds containing the oil plants capable of formlr^g such oils which have a 



The sunflower seed containing oil is usually selected to have at least 90 % weight of the 

O saturated fatty add groups in the 1 and/or 3 position as indicated in Table 6 . In some 

a' 

instances the invention can have from 95 to 100% weight of the saturated fatty acid groups in 
ij 25 the 1 and/or 3 position. The present invention also includes a sunflower plant capable of 
producing the sunflower seeds containing such oils. 

The present invention also covers the method of obtaining a sunflower oil having an oleic 
add content of more than 40% weight and a stearic add content of more than 12% v^ight 
30 l>ased on the total fatty add content of the oil by extracting oil from the seeds. The method 
indudes an extraction process which does not involve a substantial modification of the 
sunflower oil. Additionally, in the process of extraction of the oil from the seed there is no 
substantial chemical or physical modification nor enzymatic rearrangement takir^g place and 
no substarttial tiardenlng of the oil. 



The present invention also includes food products comprising oil obtainable from seeds 
having an oleic acid content of more than 40% weight and a stearic acid content of more than 
12% weight based on the total fatty acid content of the oil. Food products that are particularly 
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useful for this type of oil include spreads, margarine's, shortenings, sauces, ice-cream, 
soups, bakery products, confectionery products, and the like. In these food products the 
level of sunflower oil is from 3 to 100% weight relative to the total oil weight in the product 
When used to form a spread according to the present invention the sunflower oil is used as a 
hardstock at levels of 5 to 20% by weight. 



The present invention also encompasses cosmetic products comprising a sunflower oil, the 
oil having an oleic acid content of more than 40% weight and a stearic acid content of more 
than 12% weight based on the total fatty acid content of the oil. These cosmetic products 
1 0 can contain levels of sunflower oil from 3 to 1 00% by weight. Some examples of these 
cosmetic products would include creams, lotions, lipsticks, soap bars and skin or hair oils. 



The present invention also includes a process for selecting Hefianthus annuus plants. 

capable of producing the seeds having the desired oil. The steps of the method are a) 
i.^ 15 selecting a number of Helianthus annuus plants, collecting therefrom the seeds, which have 
k'^ a mutation induced by a mutagenic agent or an Introduced transgene such that the oil In the 

seed has a stearic acid content of at least 1 2% weight based on the oil present in the seed; 

I y 

rfl (b) selecting a number of Hefianthus annuus plants, collecting therefrom the seeds, whidi 

t j express an oleic acid content of at least 40% weight based on the oil present in the seed and 

I ^ 20 a high level of thioesterase activity (c) crossing the plants grown from the seeds of (a) and 

SI (b)and, harvesting the F1 seed progeny. 

O 

m 

12 embryos of the F1 progeny obtained to fonri F2 segregating seeds;(e) selecting firom the F2 

'■'^ seeds which developed plants, those plants which produce seeds having an oleic acid 

25 content of more than 40 wt% and a stearic acid content of more than 12 wt% based on the 



I- 



Additional steps include the steps of:(d) planting of the seeds or embryos rescue of the 



total fatty acid content of the oil, optionally selfing the selected plant to form true breeding 
inbreds. 



The present invention also includes the process for producing F1 hybrid seed. The steps of 
30 the method are a) planting seed of two inbreds having high oleic acid content of at least 40% 
and high levels of thioesterase activity, one of which may be male sterile, b) crossing the two 
inbreds, and c) harvesting the F1 seed capable of produdng F2 seed with a 40% oleic acid 
content and a 12% stearic acid content. 

35 Description of the invention 



The present invention encompasses a vegetable oil with a new and unique fatty acid 
composition produced In easy to grow crops. The preferred crop is sunflower. However, 
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n^l^to produce the derived vegetable oil could 1^1^ i 



mutation and/or transformSHn to produce the derived vegetable oil could lil^Rse modify 
other crops. These crops would include at least Brasstcas, peanuts, palms and other oil 
producing plants. The crop should be readily transformable and/or susceptible to 
mutagenically induced oil changes. Rape seed meets ail these requirements as does 
sunflower, these crops are presently some of the most useful crops for production of this 
new and unique fatty acid composition in the oil of their seeds.. 



The industrial use for oil which are capable of being extracted from the seeds is detemDined 
by its fatty add composition. Table 2 shows the fatty acid composition and other properties of 

10 some fats and oils. The oils obtained from seeds cultivated in temperate climate (sunflower, 
soybean, rape seed, etc.) have mainly unsaturated fatty acids, like linoleic and oleic acids, so 
they are liquid and primarily used for cooking, salad dressing, etc. Saturated fatty acids are 
solid at room temperature and referred to as fats. These saturated fatty acid are mainly 
obtained from animals (margarine, lard, etc.), some tropical trees (cacao, palm) or one 

15 chemically modified (hydrogenation and transesterification) liquid vegetable oils. These 

modified liquid vegetable oils have mainly saturated (palmitic or stearic acids) or chemically 
modified fatty acids (trans fatty adds) with high melting points. 



Table 2 

20 



Oil or fat 


Fatty add composition (%) 


Properties 




Others 


Myrlstic 


Palmitic 


Stearic 


Oleic 


Linoleic 


Trans 


Saturated 


Lard 


3 


2 


25 


12 


45 


10 


1 


79 


Butter 


14 


10 


26 


12 


28 


3 


3 


84 


Margarine 






10 


7 


46 


34 


23 




Palm Oil 




1 


45 


6 


39 


9 




18 


Olive Oil 


1 




14 


3 


71 


10 




2 


Cocoa 
Butter 






26 


35 


35 


3 




4 


Normal 

Sunflower 






7 


5 


30 


57 




1 


High oleic 
sunflower 






5 


4 


88 


2 




1 
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Table 2. Total fatty acid, and other special properties, like trans fatty acid and saturated fatty 
acid at position 2 of the TAG molecule, of several oils and fats. In the column labelled others 
are palmitoleic acid in the case of lard and olive oil and also fatty acids shorter than 12 
5 carbons in the butter. Minor amounts (<2%) of other fatty acids are also present in some oils. 

The fats are needed by the food industry to make margarine, shortening, bakery, 
confectionery, snacks, etc. The industry uses the fat for their physical properties. Fats do not 
readily melt at room temperature, can be spread and does not stick. Fats also have greater 
10 stability, which is a resistance to oxidation at room temperatures. 



Unfortunately, fats also have negative nutritional properties. Many fats raise the levels of bad 
serum cholesterol (low-density lipoprotein, LDL) in blood. The principal comfxanent of fats 
and oils is triacylglycerol (TAG), normally making up more than 95 % of the fat or oil. Three 
16 fatty acids are t>ound to a molecule of glycerol to make the TAG. These fatty acids are either 
, 3 saturated or unsaturated. Fat having negative nutritional properties is due to having most of 

I jj the saturated fatty acids in the position 2 of the TAG molecule (figure 1 ). Most vegetable fats 

^ and oils which do not raise LDL have litUe saturated fatly acids in this position. The fatty 

\A acids in positions 1 and 3 are liberated as free fatty acids by lipase in digestion, if these fatty 

20 acids are saturated they form insoluble salts with calcium arKi magnesium, which are mainly 
excreted. But fatty acids in position 2 form a molecule of monoacylglycerol, which is easily 
absorbed into the body, raising LDL 



si 

m 

D 



Therefore, vegetable oils are modified to form hard fats. These vegetable oils are 
25 hydrogenated and/or transesterified to increase the percentage of saturated fatty acids. 
However, the resulting oils are unfortunately not necessarily healthier fats. The 
hydrogenation process produces "trans fatty" adds that probably are even less healthy than 
saturated fatty acids While the transesterification process randomly changes the fatty acid 
within the three positions. Thus, neither of the two chemical modifications works well to truly 
30 form healthy fats. 

But not all saturated fats are unhealthy, it have been demonstrated that cocoa butter, that 
has around 60% of saturated fatty acids, the rest being mainly oleic acid, does not raise 
serum cholesterol. This is due to two main reasons, one is that only 4% of the saturated fatly 
35 adds are in positkjn 2 and the other is the principal saturated fetty acid is stearic add. 
Stearic add does not appear to have a negative effect on serum cholesterol, and is 
considered healthier than palmitic acid, which is the main saturated fatty acid of oommodii^ 
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^ts. Additionally, the 35%^Hreic acid content In the cocoa butter also proVBf healthy 
properties to the fat 

There remains a need of the industry for a vegetable oil (fat) with high stearic acid (as the 
5 saturated fatty acid) and elevated oleic acid (as unsaturated fatty acid) content that will 
resolve the actual fat problems, preferably with the stearic acid in the 1 and 3 position of 
TAG. To that end the present invention can be selected to have at least 90 wAw % of 
saturated fatty acids in the 1 and/or 3 position. In the more preferred embodiments of the 
invention there Is 95-100% w/w% of saturated fatly acids In the 1 and/or 3 position. Thus the 
10 present invention produces an oil/fat that is addressing the industry's need for healthier fats. 

The main characteristics of modified plants, its seeds and the oil capable of being extracted 
from these seeds according to the Invention are the production of a vegetable oil v^nth 
increased oleic acid (beyond normal Sunflowers in Table 1) and with a stearic add content of 

15 12% and above. Even more spectfically the percentage stearic acid content is between 15% 
and 40% by weight and even more specifically the invention can be selected to have a 
stearic acid content of between 20% and 35%, an oleic acid content of preferably above 
40%. More specifically an oleic acid content of the oil of the present invention is between 
50% and 80% by weight. Yet. more specifically the present invention has the high stearic 

20 acid and the high oleic acid content of between 55% and 75% by weight relative to the total 
1^ acid content Additionally, the invention with high oleic and high stearic acid also 
contains high levels of thioesterase activity. The linoleic acid content of the present invention 
is usually selected to be less than 25% by weight related to the total amount of fatty adds in 
the oil. The seeds according to the invention can be selected to have at least 20% by weight 

25 total level of saturated fatty acids relative to the total fatty acid corttent for the oil. 

Originally it was believed that crossing the prior art high oleic lines with the prior art high 
stearic lines would produce an inbred line having high oleic and high stearic properties. 
Unfortunately, this has proved extremely difficult. The prior art high stearic acid content lines, 
30 which were selected after mutagenesis, like GAS-3, evidenced low oleic content. Likewise, 
most high oleic varieties evidenced low stearic add content. 

We have discovered that the selection process for very high oleic material, particutariy in 
sunflower, selects against stearic acid generally. Thus the present invention is possible due 
35 to the discovery that to form a plant such as a sunflower plant, which is capable of producing 
the desired oil, the starting material should contain a third characteristic beyond high oleic 
and high stearic, it should evidence elevated thioesterase activity over the stearoyl-ACP as 
indicated in Figure 2. 
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To assist in the understanding of the role of thioesterase activity within the present invention, 
a general review of the fatty acid biosynthesis in sunflower is helpful. The seed fatty acid 
biosynthesis occurs inside the plastid (Figure 3). The fatty acids within the pfastid remain 
5 covalently bound to the acyl carrier protein (ACP) during successive cycles of extension 

(synthesis of palmitic and stearic acids) and desaturation (conversion of stearic add to oleic 
acid). The major products of this biosynthetic process are palmitoyl-ACP. stearoyl-ACP and 
oleoyl-ACP. A series of cycling reactions catalysed by the enzymatic complex FAS I produce 
the palmitoyl-ACP that have 16 carbons. A second enzymatic complex called FAS il 
1 0 elongates the palmitoyi- ACP to stearoyl-ACP (1 8 carbons), that is further modify by the 

stearate desaturase to produce oleoyl-ACP. These are the three main fatty acids syrvthesised 
by the plastid. These are separated from the ACP by the action of the thioesterase (Acyl- 
ACP thioesterase catalyse the hydrolysis of acyl thioesters) and then exported out of the 
plastid in to the cytoplasm where the synthesis of triacylglycerides takes place. Later the 
15 oleic acid can be desaturated to linoleic and linolenic acids. The synthesis of TAG (storage 

t3 oil) is produced in the cytoplasm using the pool of fatty adds in the cytoplasm, and this pool 

is made from the fatty adds exported from the plastid and the nrK>leic add made by 

1 r* desaturation. So, the fatty add composition of TAG is determined by the plastid exported 

m 
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fatty adds plus the linoleic add produced in the cytoplasm. 



The present invention, a vegetable oil that is rich in stearic and oleic adds, is formed by 
altering the standard fatty add biosynthesis described above. By combining a reduced 
Q stearate desaturase activity with a good thioesterase adivity on stearoyl-ACP In a high oleic 

"2- line a vegetable oil rich in stearic and oleic add is formed according to this invention. The 

. J 26 invention accumulates stearoyl-ACP inside the plastid. and the thioesterase over stearoyl- 
ACP activity exports it out of the plastid. This higher stearic add content is available for TAG 
biosynthesis. Later, in the cytoplasm the high oleic character avoids the conversion of oleic 
add into linoleic add. 

30 A plant capable of produdng the oil of the present invention may be obfained by two basic 
methods. The first method is mutagenesis and breeding the second method is transformation 
and breeding which is discussed later. Regardless of the method, the trait high levels of 
thioesterase adivity should be identified and bred for in the scope of the present Invention. 

35 To form the oil of the present invention a plant capable of produdng seed having oil 
containing the high oleic and high stearic add content must be formed. To achieve this 
objedtve a high oleic, high thioesterase line can be crossed with a high stearic line which 
results after selfing and selection in an inbred that is high oleic and high stearic. This 
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ar^B^igh stearic line and a HOHT line. The simplfl^; 



requires two basic elemenniffiigh stearic line and a HOHT line. The simpimPfay to form 
the preserrt invention is by making sexual crosses of a high stearic line such as CAS-3, with 
a HOHT sunflower line and selecting for HSHO (a line which produces a seed characterised 
by high stearic acid and high to medium high oleic acid in the oil). The first basic element 
5 CAS-3 is material deposited in the ATCC, the second element is the HOHT. 

The first basic element can also be formed by mutation of existing germplasm and screening 
for the high stearic trait This can be done according to the teaching of application 
PCT/EP95/00369. Various mutation methods are detailed in the examples. But briefly one 
1 0 method to form a high stearic acid line treats the parent seeds for 2 hours at room 

temperature in a solution of 70 mM ethyl methane sulfonate in water, or 2 hours at room 
temperature with a solution of 2 mM sodium azide in water to form a desired oil trait mutation. 
The resultant material is selected for the stearic acid trait The lines are selfed (if necessary) 
to fbnm a true breeding line. 

^3 The HOHT line can be screened and selected from the existing prior art high oleic sunflower 

ii:^ lines. The screening would be based on maintaining the high oleic trait and locating the trait 

ijil for high thioesterase activity and selecting for both traits. Alternatively the second element, 

!;5 HOHT, can t>e formed by crossing a fixed high oleic line which is HOLT with a line 

20 evidendng high levels of thioesterase activity and through selfing arxl selection throughout 
several generations, a new HOHT can be formed. A less efficient alternative to forming the 
HOHT Is by mutation, selflng, screening and selection throughout several generations, in this 
□ alternative using normal germplasm and mutating it and selecting for either the high oleic 

'■'Z trait or the HOHT trait can form the HOHT line. However, since there is a numt)er of high 

J 2 25 oleic sunflower lines available it should not be necessary to reform a HOHT line from normal 
germplasm. Screening high oleic lines for high levels of thioesterase activity should be 
suffldent to locate a HOHT line. 



□ 

m 



The reason a HOHT line is necessary and the high oleic trait does not appear sufficient is 
30 that it have been found that the selection process for very high oleic material selects against 
stearic generally and also against elevated thioesterase activity over the stearoyl-AGP. 
Although some high, or more accurately medium-high, oleic lines carry elevated thioesterase 
activity over the stearoyl-ACP, in general, as the oleic level increases the thioesterase 
activity decreases. Measuring the thioesterase activity, from lines, having high eighties, and 
35 oleic lines, with medium-high levels at sixty, seventy and low eighties of oleic, shows a 
number of high oleic lines in the medium-high level with good activity over stearoyl-ACP. 
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Turning to the thioesterase activity over stearoyl-ACP, this activity is used to select the 
material for use in the development of new inbred line carrying high oleic and stearic traits 
according to the present Invention. During sunflower seed formation, an active period of fatty 
acid biosynthesis takes place between 12 and 28 DAF. The maximum in vitro acyl-ACP (acyl- 
carrier-protein) thioesterase activities are found at 15 DAF. preceding the largest 
accumulation of lipid in the seed (18 DAF). Changes in acyl-ACP thioesterase activity are not 
only quantitative, but also qualitative, since, although the preferred substrate is always 
oleoyl-ACP, the affinity for palmitoyl-ACP decreases, whereas that for stearoyl-ACP 
increases with seed maturation. At 15 DAF the level of thioesterase activity can be measured 
as shown in the examples to determine which lines should be progressed. 
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in Table 3 we can see an example of two high oleic lines, the usual high oleic line which has 
low thioesterase over stearoyl-ACP (HOLT) and the high oleic line with high thioesterase 
over stearoyl-ACP (HOHT) which has more.than twice the thioesterase Vmax over stearoyl- 
ACP than the usual high oleic line. 

Table 3 



Sunflower line 


Stearic acid (%) 


V max 


HOHT 


17.8 


2.03 


HOLT 


8.0 


0.82 



Table 3. Stearic add content and thioesterase Vmax over the stearoyl-ACP at 15 days after 
flowering seeds from two high oleic sunflower tines. 



This HOHT line is deposited with the ATCC as . 



" . As Table 3 indicates, this 

25 line has more stearic add at 15 days after flowering than the HOLT. This stearic acid level at 
15 DAF can also be employed as a rough screening protocol for selecting HOHT lines. The 
relative affinity of the enzymes over the stearoyl-ACP standardised with respect to the one 
over oleoyl-ACP are also shown in Figure 2. 



30 .Additionally, the oil obtained from the mature seed of the HOHT also evidences increased 
stearic acid levels relative to the HOLT line (Table 4). 
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Table 4 





Fatty acid composition (%) 


Sunflower line 


Palmitic 


Stearic 


Oleic 


Linoleic 


Araquic 


Behenic 


HOHT 


4.3 


9.7 


78.5 


3.9 


1.0 


2.6 


HOLT 


3.8 


4.9 


84.3 


4.8 


0.5 


1.7 



Table 4. Fatty acid composition (%) of seeds from two high oleic sunflower lines. 
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Commercially and publicly available high oleic material, the deposited material or newly 
formed mutated high oleic lines produced according to the examples or by other methods of 
mutation or transformation can be screened according to the procedure outlined in example 
6. The selected lines can have an increased thioesterase Vmax on the substrate stearoyl- 
10 ACP at 15 DAF having activity levels as indicated in the definition of high levels of 

thioesterase. The result of finding a HOHT line is that the fatty acid content will most often 
evidence an increase in the stearic add level (when compared to a HOLT) in the line virfiile 
maintaining ia high oleic content It should be noted that the oleic content of these (HOHT) 
lines is more likely to be in the sixty, seventy or low eighty range versus the high eighties. 

15 

Previous to our invention, selecting for high oleic lines selected against this thioesterase 
activity. Thus when a HOLT (high oleic line with low thioesterase activity) was crossed with 
or transformed vwth a high stearic producing trait the stearic level dropped to unacceptably 
low levels. However, the HOHT line when crossed with the stearic acid line carries the 
20 stearic acid level of the CAS 3 in the F2 seed. In contrast the HOLT line decreased the 

stearic acid level of the CAS 3 in the F2 seed. This is-shown in Table 5 where lines of lx>th 
HOLT and HOHT have been crossed with the high stearic CAS-3 line. Also shown in Table 5 
is the fatty add composition of these lines. 



25 Table 5 





Fatty add composition (%) 


Sunflower line 


Palmitic 


Stearic 


Oleic 


Linoleic 


Araquic 


Behenic 


HOHT X CAS-3 


5.2 


24.6 


59.2 


6.8 


1.8 


2.4 


HOLT X CAS-3 


4.3 


17.4 


72.1 


4.0 


1.3 


2.8 



Table 5. Fatly acid composition of selected high oleic and stearic lines, with high and low 
thioesterase activity over stearoyl-ACP, after crossing by CAS-3. 
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In Figures 4 and 5. the F2 segregation for both high stearic acid content and high oleic acid 
content of the above lines are shown. The seeds formed form the HOHT x CAS-3 cross 
which have the higher stearic and oleic acids are within a clrde. The line with high 
thioesterase activity over stearoyl-ACP has these kinds of seeds and the line vMthout this 
high thioesterase activity have no seeds of this type. 
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The selected F2 tines are selfed for 5 to 6 generations in isolated conditions to avoid 
contamination. The resultant generations are selected, based on high oleic, and stearic acid 
content. Thioesterase activity can be analysed to assist In the selection process. Likewise, 
marker assisted breeding can be employed to track any or all of the three traits to make the 
selection process quicker. Various markers such as SSR irucrosatellite, ASO, RFLP and 
likewise can be employed. The use of markers is not necessary, as standard tests are known 
for determining oleic, stearic, and thioesterase activity. However, once Wentified markers 
make trait tracking easier and earlier in the planf s life. 

The true t)reeding plants produce an oii having a similar fatty add composition that the F2 
seeds selected with a low content of saturated fatty add in the 2 position of the TAG 
molecule (Table 6). 

Tables 





Fatty add composition (mol%) 




Palmitic 


Stearic 


Oleic 


Lionoleic 


Araquic 


Behenk: 


Total oil 


5.5 


24.9 


57.8 


8.2 


1.7 


1.8 


TAG 


5.6 


26.1 


57.6 


7.4 


1.6 


1.7 


sn-2 position 


1.7 


1.9 


87.4 


9.0 


aci. 


n.d. 


sthI and 3 position 


7.2 


33.1 


46.8 


7.3 


2.7 


2.9 



Table 6. Fatty acid composition of oil, TAG and Sn positions of true breeding HSHO plants 
selected. 

n.<l.= not detected. 

As indicted earlier the two basic elements employed to fonm the present invention can be 
developed by mutation and breeding or by transformation and breeding. In accordance with 
the present invention the sunflower plant can evidence the stearic or oleic add traits by 
introduction, either presently or In the ancestry of the line, mutation of the genes. A numt)er 
of mutation methods induding irradiation, chemical mutation, and other forms of causing 
gene deletions or changes can work. Particularly, easy to use are mutagenic agents that 
result in small changes in the gemxne such as point mutations. 
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Alternatively, as mentioned previously there is a second method to produce the stearic or 
oleic lines in accordance with the present invention, the sunflower plant can evidence the 
stearic or oleic add traits by transforming a gene into the plant to produce one or more of the 
5 desired traits. 



The use of gene sequences to inhibit or promote gene expression is quite well understood. 
A complete gene sequence, under the control of a promoter that operates effectively in the 
plant, will generally overexpress the gene product, leading to an amplification of the effect of 
10 the protein so produced. Sometimes the gene product is reduced: this phenomenon is 

termed "co~suppresslon". Reduction of the gene product is also generally obtained by using 
a dominant negative mutation, or by reversing the orientation of the gene sequence with 
respect to the promoter so that it produces "antisense" messenger RNA. 



1=5 16 A DNA construct according to the invention may be an "antisense" construct generating 
^3 "antisense" RNA or a "sense" construct (encoding at least part of the functional protein) 

generating "sense" RNA "Antisense RNA" is an RNA sequence which is complementary to a 
1;^ sequence of bases iri the corresponding mRNA: complementary in the sense that each base 

^ n (or the majority of bases) in the antisense sequence (read in the 3' to 5' sense) is capable of 

I' 2 

|\ 20 pairing with the corresponding base (G with C. A with U) in the mRNA sequence read In the 
5* to 3' ser^se. Such antisense RNA may be produced in the cell by transformation with an 
appropriate DNA construct arranged to generate a transcript with at least part of Its sequence 
j;3 complementary to at least part of the coding strand of the relevant gene (or of a DNA 

^'5 sequence showing substantial homology therewith). "Sense RNA" is an RNA sequence, 

J 2 25 which is substantially homologous to at least part of the corresponding mRNA sequence. 

Such sense RNA may be produced in the cell by transformation with an appropriate DNA 
construct arranged In the normal orientation so as to generate a transcript with a sequence 
identical to at least part of the coding strand of the relevant gene (or of a DNA sequence 
showing substantial homology therewith). Suitable sense constructs may be used to inhibit 
30 gene expression (as described in International Patent Publication WO91/08299) or a sense 
construct encoding and expressing the functional protein may be transformed into the plant 
to over 

express the protein. 

35 DNA cor^tructs according to the invention may comprise a l>ase sequence at least 1 0 t>ases 
(preferably at least 35 bases) in length for transcription into RNA There is no theoretical 
upper limit to the base sequence it may be as long as the relevant mRNA produced by the 
cell but for convenience it will generally be found suitable to use sequences between 100 
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and 1000 bases in length. The preparation of such constructs is described in more detail 
below. 

As a source of the DNA base sequence for transcription, a suitable cDNA or genomic DNA or 
5 synthetic polynucleotide may be used. The Isolation of suitable sequences encoding 
stearoyl-ACP desaturase from Brassica and Arabidopsis are described in U.S. patent 
6,443,974: similar methods may be used to isolate sequences encoding stearoyl-ACP 
desaturase from other plants. These may have greater or lesser degrees of homology with 
sequences encoding stearoyl-ACP desaturase from Arabidopsis. Sequences coding for the 
10 whole, or substantially the whole, of the protein may thus be obtained. Suitable lengths of 
this DNA sequences may be cut out for use by means of restriction enzymes. When using 
genomic DNA as the source of a partial base sequence for transcription it is possible to use 
either intron or exon regions or a combination of both. . 

15 To obtain constructs suitable for modifying expression of these desaturase in plant cells, the 
cDNA sequence as found in the protein cDNA or the gene sequence as found in the 
chromosome of the plant may be used. Recombinant DNA constructs may be made using 
i;fi standard techniques. For example, the DNA sequence for transcription may be obtained by 

'^'^ treating a vector containing said sequence with restriction enzymes to cut out the appropriate 

i2 20 segment The DNA sequence for transcription may also be generated by annealing and 
ligating synthetic oligonucleotides or by using synthetic oligonucleotides in a polymerase 
chain reaction (PCR) to give suitable restriction sites at eacJi end. The DNA sequence is 
i;} then cloned into a vector containing upstream promoter and downstream terminator 

sequences. If antisense DNA is required, the cloning is carried out so that the cut DNA 
. I 25 sequence is inverted with respect to its orientation in the strand from which it was cut. 

In a construct expressing antisense RNA, the strand that was formeriy the template strand 
becomes the coding strand, and vice versa. The construct will thus encode RNA in a base 
sequence which is complementary to part or all of the sequence of the protein mRNA. Thus 
30 the two RNA strands arie complementary not only In their base sequence but also in their 
orientations (5* to 3*). 

In a construct expressing sense RNA, the template and coding strands retain the 
assignments and orientations of the original plant gene. Constructs expressing sense RNA 
35 encode RNA with a base sequence, which is homologous to part, or all of the sequence of 
the mRNA. In constructs, which express the functional protein, the whole of the coding 
region of the gene is linked to transcriptional control sequences capable of expression in 
plants. 
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For example, constructs according to the present invention may be made as follows, A 
suitable vector containing the desired base sequence for transcription is treated vinth 
restriction enzymes to cut the sequence out. The DNA strand so obtained is cloned (if 
5 desired, in reverse orientation) into a second vector containing the desired promoter 
sequence and the desired terminator sequence. Suitable promoters include the Actin2 
promoter or the pea plastocyanin promoter sequence. Suitable terminator sequences include 
that of the Agrobacterium tumefaciens nopaline synthase gene (the nos 3' end). 

10 tn a DNA construct according to the invention, the transcriptional initiation region may be 
derived from any plant operative promoter. The transcriptional initiation region may be 
positioned for transcription of a DNA sequence encoding RNA, which is complementary to a 
substantial run of bases in a mRNA encoding the desaturase enzyme (making the DNA 
construct a full or partial arrtisense construct). 



The transcriptional initiation region (or promoter) operative in plants may be a constitutive 
promoter or an inducible or developmentally regulated promoter, as circumstances require. 
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i:fi For example, it may be desirable to modify protein activity at certain stages of the plant's 

I ft 

development. Use of a constitutive promoter will tend to affect protein levels and functions in 
f'^ 20 all parts of the plant, while use of a tissue-specific promoter allows more selective control of 
gene expression and affected functions. Thus the arrtisense or sense RNA is only produced 
in the organ in which its action IS required. 

a 

''^ The DNA constructs of the invention may be inserted into plants to regulate the expression of 

. 3 26 the gene encoding for a desaturase or thioesterase or other enzymes in the fatty acid 

pathway resulting in modification of plant characteristics for production of stearic acid or 
oleic acid or thioesterase activity in the fatty add synthesis pathway. Depending on the 
nature of the construct, the production of the gene product may k>e increased, or reduced, 
either throughout or at particular stages in the life of the plant. Generally, as would be 
30 expected, production of the protein is enhanced only by constructs, which express RNA 
homologous to the substantially complete endogenous protein mRNAs. FulMength sense 
constructs may also inhibit protein expression. Constructs containing an Incomplete DNA 
sequence shorter than that corresponding to the complete gene generally inhibit the 
expression of the gene and production of the proteins, whether they are arranged to express 
35 sense or antiserise RNA. 

A DNA construct of the invention is transformed into a target plant cell. The target plant cell 
may be part of a whole plant or may tie an Isolated cell or part of a tissue, which may be 
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regenerated Into a whole plant. The target plant eel! may be selected from any 
monocotyledonous or dicotyledonous plant species. The preferred target plant Is an oil 
producing species of monocot or dicoL The more preferred target plant is a Brass/ca or 
Hefianthus annuus L. Plants may be derived from the transformed plant cell by regeneration 
5 of transformants and by production of successive generations of the transformants* progeny. 



Constructs according to the invention may be used to transform any plant using any suitable 
transformation technique to make plants according to the invention. Both monoootyledonous 
and dicotyledonous plant cells may t>e transformed in various ways knov\/n to the art In 
10 many cases such plant cells (particularly when they are cells of dicotyledonous plants) may 
be cultured to regenerate whole plants which subsequently reproduce to give successive 
generations of genetically modified plants. Any suitable method of plant transformation may 
be used. For example, many dicotyledonous plants such as sunflower, oilseed rape, tomato 
and melon may be transformed by Agrobacterlum Ti plasmid technology, such as descrit>ed 
£ n 15 by Bevan (1984, Nucleic Acid Research, 12:8711 -8721) or Flllatti et al (Biotechnology, July 
s3 1987, 5:726-730). Such transformed plants may be reproduced sexually, or by cell or tissue 

culture. Other methods use the gene gun, microinjection, PEG and electroporatlon. 

I y 

m 

Examples of plants which could be modified to produce the desired oil according to the 
Is, 20 present invention include the oil from oilseed rape (canola), palm, sunflower, soya. Other 

possible seed fransformants are cereals, for example rice and maize, wheat, bariey, oats and 
rye. 
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Thus crossing mutants or transgenics or a combination to form seeds containing at least 40% 
X J 25 oleic oil and at least 12% stearic oil according to the invention can produce taitor-^ade 

seeds and tailor-made oil in accordance with the present invention. The result HSHO lines 
can be used in further conventional plant improvement practices by crossing with other 
known or as yet unknown mutant, transgenic or wild type plants. 

30 Alternatively, forming a high stearic line which has a transgene (for example as shown in 

5,443,974) that inhibits stearoyl-ACP desaturase activity can make one of the t>asic elements 
of the present invention. The gene can be extracted from surrflov^r material by using the 
known Arabidopsis or the Brassica stearoyl-ACP desaturase-encoding gene as taught in 
U.S. 5,443,974 the sequence of v^ich is in the patent and is incorp>orated by reference. The 

35 known method of transforming sunflower is taught in International application number 

US97/01419. This application, unfc^nately, does not teach a gene; it does teach how to 
transform the gene once isolated with a plasmid into the plant genome. The teaching of both 
of these patents together places the transformation of a desaturase gene into a dicot v^thin 
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s^m^itity. Any of these genes or other similar ger^l^vii 



the ordinary skilled persorrlwility. Any of these genes or other similar genlHKving 
substantial homology can be placed In either the high oleic line or in a HOHT line that is 
crossed thereto. 

6 The following differences to the standard procedure used to form a transgenic sunflower are 
herein noted. The preferred method of transformation is the Agrobacterium method of 
transformation. However, due to gene silencing concerns when sunflower is transformed, the 
promoter should be either an Arabidopsis actin gene promoter "Actln2', available from the 
University of Georgia, Life science Building. Athens Georgia 30602-7223 or possibly a pea 
10 plastocyanin promoter which is published in the LAST & Gray 1 989 (Plant Mol. Biol. 12, 655- 
666) and in Plant Journal (1993) 3(3):437-49. by K. Pwee and J. Gray supplied by the 
University of Cambridge Dept. of Plant Science Downing Street Cambridge CB23EA or the 
like. These promoters are more useful in sunflower transformation than 35S or 19s CaMV 
promoters, though the pea plastocyanin promoter may still show some difficulties. 



Q Thus a high oleic line with elevated thioesterase activity can be transformed with a gene that 

produces high stearic acid. Although the thioesterase trait is most often discussed in 
conjunction with the high oleic line it could also be in the high stearic line that is crossed to 



m the high oleic line to form the HSHO line of the present invention. Alternatively, two lines can 

.-'T 20 be transformed, one to have oleic and one to have higher stearic and they can be crossed to 

fomn an inbred which is selected for elevated thioesterase activity and both other traits. Or 
j;3 one line can be transformed with both a high oleic and high stearic gene and selected for 

Q fc>ased on elevated thioesterase activity. 

25 Alternatively, to avoid transgenic issues a line can be mutated to have both oleic and high 
stearic with the elevated thioesterase activity in a two step mutation process. Two separate 
lines can be mutated to carry the oleic and thioesterase trait and the stearic trait and crossed 
and selfed to form a plant which produces the oil. This would most likely require two inbreds 
both carrying oleic and stearic oil traits to assure the hybrid formed by crossing these two 

30 inbreds had these traits. Once a trait is fixed, through standard breeding or through a mariner 
assisted breeding this trait can readily be moved into different intMPeds. By using at least one 
trait that is transgenic the breeding becomes simpler as transgenes are usually dominant in 
their inheritance. Thus only one line in a hybrid cross would have to carry the transgene, 
however, both tines would preferably carry the mutated traits as these are most often 

35 recessive or additive traits not dominant traits. 

The seed generated when producing the sunflower capable of producing the oil of the 
(xesent invention is analysed with a methodology described in Garcte, R. and Mancha, M. 



22 



"One-Step lipic^^ction and fatty acid methyl esters preparati^^m fresh plant tissues". 
Analytical Biochemistry, 21 1 :139-143, 1993. This allows for the detection of seeds with 
modifications in the composition of any fatty acid. Selected seeds showing a desirably high 
stearic acid content and/or oleic acid and Vmax of thioesterase activity are selected for 
5 further breeding purposes. The seeds are cultivated to the fifth generation to form inbreds 
that have this inheritable and stable genetic trait. 

Sunflower oil having a stearic acid content of at least 12% by weight and a oleic acid content 
of at least 40% by weight, related to the total amount of fatty acids in the oil, is obtainable 

10 from sunflower seeds of the invention in any manner known to the person skilled in the art. 
The sunflower seeds can be converted to cmshed seeds or meai before, during or after the 
oil extraction process. Such extraction methods are well known and for example one method 
is described in "Bailey's industrial oil and fat products". Vol. 2, Chapter 3; 4th Edition, John 
Wiley and Sons, New York (1982). The extraction process preferably used does not involve 

15 substantial modification of the oil. The extraction process may be selected to avoid 
i 3 substantial chemical, physical or enzymatic rearrangement with no substantial hardening. 

y 

ru 

In a further embodiment of the method of the Invention, the mutation and selection steps may 
1,11 be followed by conventional plant improvement techniques thus leading to seeds having e.g. 

!'T 20 an even higher stearic acid content or higher oleic acid or reduced linoieic or altered palmitic 
i; by weight, or to seeds having a desirable content of one or more other felty acids. In still 

3 another embodiment the seeds of the invention may be subjected to one or more further 

mutation treatments or additional transformations. 



25 The sunflower plants may be used in breeding programmes for the development of sunflower 
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lines or hyt)rids, which programmes are aimed at the production of open pollinated or hybrid 
varieties meeting the requirements of fanning practice regarding yield, disease resistance 
and other agronomically important traits in major sunflower growing areas in the world. Seeds 
resulting from these programmes may be used in the growing of commercial sunflower crops. 



The invention further relates to sunflower plants produced from seeds according to the 
invention. Thus, the seeds can be used to produce new parent lines that have high stearic 
acid content and a high oleic add content In their oil. These lines should also have an 
increased thk>esterase Vmax as Indicated in the definition of high levels of thioesterase on 
35 the substrate stearoyl-ACP at 15 DAF. The seeds may be cultured in the normal way on soil 
or any other substrate. The production of the modified plants does not require very many 
additional measures as compared to the growing of ordinary sunflower seeds. 
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s^l^e use in the food industry of sunflower oil e^J^jPlb 
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The invention also relates^BRe use in the food industry of sunflower oil e)A|pible from the 
seeds of the invention. The natural vegetable oil that has been extracted from sunflowers 
seeds of the present invention has a high stearic acid content between 
12 and 35% and at least 40 to 80% oleic add. This oil can be used directly or it can be 
5 combined with other oils, in the production of edible fats or fat mixtures, margarine. 

vegetable-dairy or in the production of confectionery, cosmetic or bakery goods. The present 
invention is particularly useful in spreads, sauces, ice cream and soups. The oil is also useful 
for non-edible products such as lipsticks, soap bars, skin and hair oils, lotions and creams. 

10 In this application the oil of the present invention is interchangeably called oil or fat The 
structure of the present Invention is in some instances a saturated fatty acid profile that 
yields a high enough level of saturation to increase the melting point of the oil to make it solid 
at room temperature. In other saturated fatty add profiles according to the present invention 
the material is liquid at room temperature. Both melting points are encompassed by the 

1 5 teachings of the present invention. 



V 

This oil is particulariy useful in use as a hardstock material for the formation of spreads. This 

I J 

i;q is a fat that has other oils blended into it In the preferred use the present invention is used 

m as a hardstock at a level of at least 5% depending on the use of the spread the present 

l;^ 20 invention can be used at levels of at least 20%. Higher levels of the present Invention can 

also be employed depending on the traits desired in the resultant spread. The oil may 
J;^ simply replace oils or fats ordinarily used in this type of products. It is within the reach of the 

I2 skilled person to determine how to use the oil without performing any inventive labor. 

25 A number of food products using the oil of the present invention can be used. These food 
products would indude the present oil at levels from 3% to 100% by weight of tiie other oils 
(if any) of food product. The advantage of these oils is that they do not have artifidal fatty 
add isomers, like the 'trans' isomers found in the hydrogenated oils, and. of course, little to 
no LLO raising cholesterol, like in the animal fats. 

30 

The present invention will be further illustrated by means of the following examples which are 
given for illustration purposes only and are in no way intended to limit the scope of the 
invention. 

35 EXAMPLES 

The inventk>n also relates to a method for preparing sunflower seeds having an increased 
stearic add and oleic add content as compared to wild type seeds. This method indudes the 
step of treating parent seeds with a mutagenk: agent during a period of time and in a 
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cjoncentration st^^^nt to induce one or more mutations in the g^^^ trait involved in 
stearic acid or oleic acid biosynthesis. This results in an increased production of stearic acid 
and/ or an increased level of oleic acid. These mutagenic agents include agents such as 
sodium azide or an alkylating agent, like ethyl methane sulfonate, of course any other 
5 mutagenic agent having the same or similar effects may also be used. The treated seeds will 
contain inheritable genetic changes. These mutated seeds are then germinated and progeny 
plants are developed therefrom. To increase the traits in the lines the progeny can be 
crossed or selfed. The progeny seeds are collected and analysed. Seeds having the HOHT 
trait or the stearic trait can then be crossed to each other to form the HSHO line. Optionally 
10 there can be additional cycles of germination, culturing, and selfing to fix the homozygousify 
of the traits in the lines and crossing and collection of seeds. 

Sodium azide and ethyl methane sulfonate were used as mutagenic agents in Example 1 and 
2, respectively. Several sunflower lines with a stearic acid content between 12 and 45% have 
15 been obtained. In all these cases the original sunflower parent line for the production of the 
I J high stearic add lines used was RDF-1-532 (Sunfk>wer Collection of Institute de Agricultura 

Sostenible. CSIC, Cordoba, Spain) that has from 4 to 7% stearic acid content in the seed oil. 
rq The high oleic material used herein is derived from the Russian researched oleic lines. It is 

\M sufficient to screen oleic lines for a HOHT and use this line for either transformation or for 

20 crossing to a high stearic line to develop a HSHO line. A method for the preparations of the 



stearic lines, and of oleic lines if necessary, have been described in the following examples. 

EXAMPLE 1 



51 

n 

^2 25 Seeds were mutagenized with a solution of 70 mM of ethyl methane sulfonate (EMS) in 

water. The treatment was performed at room temperature during 2 hours while shaking (60 
rpm). After mutagenesis the EMS solution was discarded and seeds were washed during 1 6 
hours under tap water. 

Treated seeds were germinated in the field and plants were self-pollinated. The seeds 
30 collected from these plants were used to select new sunflower lines with modifications in the 
fatty acid composition. By using the method of Garces, R. and Mancha, M. (supra) the seed 
fatty acid composition was determined by gas liquid chromatography, after converting the 
fatty acids into their corresponding methyl esters. 

A first plant with 9 to 17% stearic add content in the oil was selected. The progeny was 
35 cultivated for five generations wherein the stearic acid content increased and the new 

genetic trait became stably foced in the genetic material of the seed. This line is called CAS- 
3. The minimum and the maximum steark: acid content of the line were 19 and 35% 
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respectively. The stearic aaWbntent of oil extracted from seeds from this c^WTe may thus 
lie between 19 and 35%. 
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EXAMPLE 2 

5 

Sunflower seeds were mutagenized with sodium azide, at a concentration of 2 mM in water. 
The treatment was performed at room temperature during two hours while shaking (60 rpm). 
Then the mutagenesis solution was discarded and seeds were washed during 16 hours with 
tap water. 

10 Seeds were planted in the field and plants were self-pollinated. Seeds from these plants 

were collected, and the fatty acid composition was determined by gas liquid chromatography, 
after converting the fatty acids into their corresponding methyl esters using the method 
described In Example 1. 

Seeds from a plant having around 10% stearic add in the oil were selected and cultivated for 
15 ifive generations. During this procedure the stearic acid content was increased and the new 
genetic trait fixed. This line is called CAS-4. A selected sample of this line was analysed 
resulting in a stearic add content of 16.1%; The minimum and the maximum values were 12 



ru 

ff\ and 19% respectively. 



20 Table 7 



Percentage fatty acids 

Is " * 

i;3 Line Palmitic Stearic Oleic Linoleic 



25 CAS-3 6.1 26.0 13.8 55.1 

CAS-4 5.5 16.1 24.3 64.1 

EXAMPLE 3 

Sunflower plants were grown from the sunflower seeds of the HOHT line shown in Table 4. 

30 Sunflower plants were also grown from the sunflower seeds of CAS-3. The lines were 

crossed. The plants were assisted by artificially pollination in order to ensure adequate seed 
production occurred. The F1 seed was produced on the HOHT line, or vice versa, and 
harvested. The F2 seeds with more than 20% stearate and more than 40% oleate were 
seleded. Although this produces the oil of the present invention the level of production is 

35 limited. Therefore fixed inbred lines evidencing seeds with these oil profiles are desirable. 
These homozygous fixed inbred HSHO lines can then be crossed to form hybrid seed, which 
will produce F2 seed evidendng the desired oil traits of the present invention. Toward this 
end the F1 seeds were planted and produced plants were selfed in isolated oorKlittons and 

26 
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F2 seed was produced. The F2 seed was tested for the three traits, high stearic, high oleic 
and high levels of thioesterase activity. The remaining portion of the seeds evidencing these 
traits was employed to grow plants to form F3 seed. The seffing and screening and selection 
process is repeated to develop the fixed homozygous HSHO line, having the following fatty 
acid profile, C:16 5.4, C:18.0 24.8, C:18.1 58.5. C:18.2 7.2. Once the trart Is fixed similar 
HSHO lines can cross to form hybrid seed having both traits. According to the invention 
sunflower plants and seeds from which said oil can be extracted have been obtained by 
means of a biotechnological process. This high stearic acid content is an inheritable trait and 
is fairly independent from the growing conditions. 

EXAMPLES 



Plants growth conditions. 

Sunflower (Helianthus annuus L.) seeds from high oleic lines used in example 5 with altered 
Q 1 5 seed fatty acid content was used to test for the thioesterase activities over stearoyl-ACP. 
*^'3 Plants were cultivated in growth chambers at 25/1 5**C (day/night) temperature. 1 6 hours 

-Hy photoperiod and photon flux density of 300 micromol m-2s-1 . Seeds for analysis were 

i:n harvested at 1 6 days after flowering and kept at -20*C. 

m 

□ 

20 Radioactive reagients and preparation of acyl-ACPs. 

1 -1 4C-Oleic with specific radioactivity of 2. 1 GBq/mmol and [9. 1 0(n)-3H] stearic acid with 
specific radioactivity of 1 .9 QBq/mmol were obtained from American Radiolabeled Chemicals 
C3 Inc. (SLLouis, Mo., USA). To prepare the fatty acid sodium salt an apprc^riate volume of 

'''"^ fatty acid solution was transferred to a glass tube, the solvent was removed under a stream 

5 3 25 of nitrogen, and the residue was dissolved in 10% Triton X-100, 0.6 mM NAOH. This solution 
was heated at 65**C for 1 hour to ensure homogeneity. Acyl-ACPs were prepared using a 
modification of the enzymatic synthesis procedure of Rock CO, Garwin JL, Cronan, JE Jr. 
(1981 ) Preparative enzymatic synthesis of acyl-acyl earner protein. Methods Enzymology 
72:397-403. Assays contained 0.1 M Tris-HC! (pH 8.0). 0.4 M UCI, 5 mM ATP, 10 mM 
30 MgCI2, 2 mM DTT, 130 mtcroM fatty acid sodium salt, 0.27 mM ACP-SH and 1.8 mU of acyl- 
ACP synthetase (the last two components were purchased from Sigma-Aldrich Quimica S.A. 
Madrid, Spain) in a final volume of 1 10 microliter. Reactions were incubated at 37*C for 3 
hours. After this time the pH was acidified to 6.0 by adding 1 microliter of 3.6 M HCI and the 
mixture was cleaned of free fatty acids using a modification of the method described by 
35 Mancha M. Stokes GB, Stumpf PK (1975) Fat metabolism in higher plants. The determination 
of a<^l-acyl carrier protein and acyl coenzyme A in a complex lipid mixture 1 ,2. Anal. 
Biochem. 68:600-608. Consisting in adding an equal volume of isopropanol and washing 
three times with hexane saturated in water/isopropanol (1:1; vA^). 
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Preparation of crude extracts for enzyme assays and protein determination. 
Frozen seeds were peeled and grounded in extract buffer containing 20 mM Tris-HCI (pH 
8.5). 2 mM DTT and 5% (v/v) glycerol (Dormann P, KridI JC, Ohirogge JB (1994) Cloning and 
expression in Escherichia coH of a cDNA coding for the oleoyl-acyl canrier protein 
thioesterase from coriander {Coriandrum sativum L). Biochim. Biophys. Acta 1212:134-136) 
at 1 g of tissues/ 10 ml of buffer. Protein concentrations were measured using a Protein 
Assay Kit (Bio-Rad) according to the manufacturer's recommendations, with BSA as 
standard. 



Enzyme assays. 

Acyl-ACP thioesterase activity was assayed in a final volume of 170 microliter using 130 
microliter of crude extract. Control assays had crude extract omitted. Reactions mixtures 
contained 20 mM Tris-HC< (pH 8.5), 5% glycerol and 2 mM dithiothreitol (DTT) and different 
15 concentrations of substrates (stearoyl-ACP and oleoyl-ACP). Incubations were carried out for 

it&i 

20 min at 25*C. Reactions were stopped by the addition of 170 microliter of 1 M acetic acid in 



isopropanol containing 1 mM of oleic acid. Mixtures were then washed three times with 
hexane saturated in water/isopropanol (1:1, vA^). Acyl<ACP thioesterase activity was 
determined by counting the radioactivity of the aqueous phase, which contained the norv 
j'^ 20 hydrolysed substrates. Then, 3 ml of solvent scintitlant (purchased from National Diagnostics, 
Hessle, England) was added and the radioactivity was measured using a scintillation counter 
(Rackbeta II; LXB. Sweden). Data from acyl-ACP thioesterase assays were fitted to the 
lj J Michael is-Menten equation by non-linear least-squares regression analysis using Microcal 

Origin 4. 1, and correlated to P<0.05, as detemnined by paired Student's test. Vmax and Km 
. i 25 were derived from these curves. 
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We claim: 

1 . Oil from seeds, said oil comprising, an oleic acid content of more than 40 wt% and a 
stearic acid content of more than 12 wt% based on the total fatty acid content of said 
oil. 

2. Oil according to claim 1 , wherein the oleic acid content is from 55 to 75 wt%. 

3. Oil according to claim 1 , wherein the stearic add content Is from 15 to 40 wt%. 

4. Oil according to claim 1 , having a total level of saturated fatty acids of at least 20 wt%. 

5. Oil according to claim 1 , having a linoleic acid content of less than 20 wt%- 

6. Oil according to to claim 1 wherein the sunflower oil has at least 90 w/w% of the 
saturated fatty add groups in the 1 or 3 position. 

7. Oil according to daim 6, wherein from 95 to 100 w/w% of the saturated fatty add 
groups are in the 1 or 3 position. 

8^ Sunflower plant capable of produdng seeds according to daim 1 . 

9. Method of obtaining a sunflower oil having an oleic add content of more than 40 wt% 
and a stearic add content of more than 12 wt% based on the total fatty add content of 
said oil by extracting oil from the seeds according to claim 1 . 

10. Method according to daim 9, wherein said extraction process does rK>t involve a 
sut)stantiat modification of the sunflower oil. 

1 1 . Method according to claim 10, wherein no substantial chemical or enzymatic 
rean-angement takes place and no substantial hardening. 

12. Food product comprising a sunflower oil, said oil having an oleic acid content of more 
than 40 wt% and a stearic add content of more than 12 wt% t>ased on the total fatty 
acid content of said oil, 

13. Food product according to daim 12, wherein the level of sunflower oil is from 3 to 100 
wl%. 

14 Food product according to daim 13 seteded from the group of spreads, sauces, ice- 
cream, soups, bakery products and confectionery products. 

15. Food produd according to daim 14, being a spread in which the sunflower oil is used 
as a hardstock at a level of 5 to 20 wt%. 

16. Cosmetic produd comprising a sunflower oil, said oil having an oleic add content of 
more than 40 wt% and a stearic add content of more than 12 wt% based on the total 
.^tty add content of said oil. 

17. Cosmetic product according to daim 1 6, wherein the level of sunflower oil Is from 3 to 
100 wt%. 

18. Cosmetic produd according to claim 17 seleded from the group of creams, lotions, 
lipsticks, soap bars and skin or hair oils. 
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19. A process for selecting Helianthus annus plants, capable of producing the seeds of 
claim 1 comprising the steps of. 

(a) selecting a number of Helianthus annus plants, the mature seeds whereof have a 
stearic acid content of at least 15 wt% based on the fat present in the seed; 

(b) selecting a number of Helianthus annus plants, the mature seeds whereof have c; 

(c) crossing said selected plants of (a) with the selected plants of (b). 

20. A process according to claim 19 Including the steps of: 

(d) planting the seeds of the F1 obtained in claim 19; 

(e) selecting from the F2 progeny those plants which produce seeds having an oleic 
acid content of more than 40 wt% and a stearic acid content of more than 12 wt% 
based on the total fatty add content of said oil. 

21 . Sunflower meal or crushed seeds obtainable from the seeds according to claim 1 . 

22. Seeds capable of producing the sunflower oil according to claim 1 . 

23. An inbred sunflower plant having seeds with oil according to claim 1 including that 
said seeds have a thioesterase activity over stearoyl-ACP of at least 10% of the activity over 
oleyl-ACP. 

24. An inbred sunflower plant having seeds with oil according to claim 23 including a 
maximum of 10 %, preferably up to 5% w/w of saturated fatty acids In the 2 position of a TAG 
molecule. 
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